s Disease: is Magnocellular Reading Motion-defined A group of 20 control subjects carried out the following visual tests: Snellen acuity; contrast detection threshold for a temporally unmodulated grating and for a temporally modulated grating; speed threshold for recognising motion-defined dotted letters. Normal limits were defined as 2.5 standard deviations from the respective control means. A patient with Parkinson's disease carried out the tests 12 hr after medication was withheld at a time when symptoms were evident ("off'' stage), and after administration of medication when it had taken full effect ("on" stage). Confirming previous reports, contrast detection threshold for the temporally modulated grating was nmch higher during the "off" stage than during the "on" stage, but contrast detection threshold for the temporally unmodulated grating showed little difference. Speed threshold for recognising motiondefined letters did not, however, fall during the "on" stage. We suggest that magnocellular function is not essential for the recognition of motion-defined form. © 1997
INTRODUCTION
The severity of visual sensitivity loss for low-contrast test gratings in patients with Parkinson' s disease (PD) is often increased when the gratings are temporally modulated rather than static (Bodis-Wollner et al., 1987; Regan & Maxner, 1987) . The finding that such visual loss can be selective to grating orientation, has been taken to implicate neurons at or central to striate cortex (Regan & Maxner, 1987; Bulens et al., 1988) . Bodis-Wollner et al. (1987) tested 13 patients affected by the "on--ofF' syndrome and found that the contrast detection threshold elevation for a temporally modulated grating that was observed during "off" states was not (Marsden & Parkes, 1976) show practically no symptoms of the disease for several hours ("on" stage) after which they switch to a stage ("off' stage) in which symptoms are evident.
observed during the "on" states. ¶ Given that "on" and "off" stages are thought to be due, respectively, to high and low dopaminergic (DA) sensitivity of postsynaptic DA receptors, this finding might explain why contrast sensitivity in human control subjects can be improved by administering levodopa (Domenici et al., 1985) . Here we describe results obtained using a motiondefined letter test that previous research has shown to be a sensitive indicator of abnormal sensory processing of motion (Regan et al., 1991 (Regan et al., , 1992 Giaschi et al., 1992a,b) .
METHODS

Apparatus
Visual acuity was measured using the Regan 96% contrast letter chart (Regan, 1988) . Grating contrast sensitivity was measured using a sinewave grating displayed on a Tektronix model 608 monitor. The grating was generated by a Picasso ~M Image synthesizer run at a frame rate of 100 Hz. A black card with a circular hole of diameter 3.5 deg was placed in front of the monitor. The grating's spatial frequency was 3.5 c/deg, and its mean luminance was 20 cd/m 2. Motion-defined (MD) letters were generated by an IBM PC as described elsewhere (Regan & Hong, 1990; Regan et al., 1992 (Regan, 1986, Fig. 2; Regan et al., 1992, Fig. 1 ).
Procedure and data analysis
The patient and all 20 control subjects gave informed consent after the procedure had been fully explained. All carried out the following four visual tests.
1. Snellen acuity was defined as the letter size that gave a reading accuracy halfway between chance and 100% correct (i.e., 55%). It was estimated from the psychometric function by means of Probit analysis (Finney, 1971 ). 2. Contrast detection threshold for a temporally unmodulated (i.e., static) grating was measured using the method of constant stimuli and the criterion-flee two-alternative forced-choice procedure. The reference stimulus had zero contrast. There were five test stimuli whose contrasts were chosen to concentrate the subject's responses near 80% correct to optimize efficiency (Levitt, 1971) . Each trial consisted of a reference presentation and a trial presentation separated by a 0.5 sec interval. The order of the two presentations was random. The five test gratings were presented in random order. Grating onset and offset was gradual (half-sine envelope of 1 sec duration). The subject's task was to press one of two buttons according to whether the grating was presented second or first. Contrast detection threshold was estimated from the psychometric function by means of Probit analysis. We defined detection threshold as the contrast that gave a response probability halfway between chance and 100% correct (i.e., 75% correct). 3. Contrast detection threshold for a temporally modulated grating was measured as just described except that the grating's contrast was counterphasemodulated by a sinusoidal time series of frequency 8.0 Hz (and, therefore, executed 16 contrast reversals/sec). 4. Speed thresholds for MD letter recognition were measured using a procedure described previously (Regan et al., 1992; Giaschi et al., 1992a,b) . In brief, all ten MD letters were presented in random order at the fastest available dot speed (0.45 deg/sec), and the subject was instructed to read the letters. Then this procedure was repeated at the next slowest dot speed, and so on until the subject's performance fell to near chance. Threshold was estimated from the psychometric function by means of Probit analysis, defining threshold as the speed that gave 75% letter reading accuracy.
Control group
The control group comprised 20 subjects aged 41-71 years (mean age of 58 years) with no evidence of central nervous system or ocular disorder.
Patient
The patient was a 47-year-old male with Parkinson's disease (PD) of 8 years duration with prominent motoric fluctuations. Clinical Parkinson assessments were made using the Unified Parkinson's Disease Rating Scale (UPDRS), the Purdue pegboard and the Webster's stepseconds test (Lang & Fahn, 1989) . The patient's medications included deprenyl 5 mg bid, Sinmet 100/ 25 mg 7 times per day, pergolide 1 mg tid, clonazepam 1 mghs (for levodopa-induced myoclonus), lithium 300mgqid (for off-period dystonia) and zopiclone 7.5 mg hs for sleep. Table 1 sets out means and normal limits based on results for the 20 control subjects.
RESULTS
All the patient's medications were wittflaeld for 12 hr before the morning of testing. At 8:00 a.rn., in the "off' state, the clinical assessments were camed out. Clinical Parkinson rating scores were as follows: motor component of UPDRS, 38.5; Purdue pegboard 23; Webster's step-seconds 570. Immediately afterwards the four visual tests were performed, starting at 9:00 a.m. At this time, in the "off' state, the patient's Snellen acuity was within normal limits for both eyes (6/7.5 left eye, i.e., decimal visual acuity 0.8 and 6/6 right eye, i.e., decimal visual acuity 1.0). Contrast detection threshold for the static grating (1.6%) was also within normal limits. Letter reading threshold for MD letters (0.19deg/sec) was slightly beyond the normal limit of 0.13 deg/sec. Contrast detection threshold for the temporally modulated grating (10%), however, was far beyond the normal limit of 1.7%. When the visual tests were completed Sinamet 100/25 mg and breakfast were provided at 9:20 a.m.
At 10:20 a.m., when the medication had taken full effect and the patient was in the "on" state, the visual tests were repeated. Results were as follows. Contrast detection threshold for the temporally modulated grating fell markedly to 1.6%, a value that was within normal 
DISCUSSION
The detection threshold elevation for the temporally modulated grating that occurred during the patient's "off' stage was very pronounced; threshold was well within normal limits during the "on" stage but was 27 standard deviations from the control mean during the "off' stage. Because sensitivity to the temporally modulated grating was restored to within normal limits by oral medication within 1.5 hr or less, we suggest that the sensitivity loss was caused by the absence of dopamine directly rather than by long-term damage to contrast-sensitive neurons.
It has been found that selective loss of the mediumsized (P/0 class of retinal ganglion cells in monkey reduces contrast sensitivity to temporally unmodulated (i.e., static) gratings over a wide range of spatial frequencies. On the other hand, no sensitivity loss was observed at temporal modulation rates between 2 and 10 Hz when gratings of low spatial frequencies were used (Merigan & Eskin, 1986) . The P# class of ganglion cells projects to the parvocellular layers of the lateral geniculate body. Lesions of the magnocellular part of the LGN have quite different behavioural consequences. They do not affect contrast sensitivity for a static grating, but do reduce sensitivity to temporally modulated stimuli of low spatial frequency (Merigan & Maunsell, 1990) . In the light of these behavioural data in monkey, our finding that the patient's transition from the "off' to the "on" state was not associated with any change in either visual acuity for static letters or in contrast sensitivity to a static grating, is consistent with the suggestion (Regan & Maxner, 1987) that the marked loss of sensitivity to temporally modulated gratings observed in patients with PD is caused by a dysfunction of magnocellular pathway neurons that spares parvocellular pathway neurons. If this conclusion is correct, our finding that the ability to recognise motion-defined letters did not improve during the "on" stage implies that magnocellular pathway neurons are not important for this ability.
In this context the following points may be relevant. First, our MD letter stimuli are created by small dots, and if visual acuity is not sufficiently high to ensure that the dots appear sharp, clearly resolved and of high contrast, the letters cannot be seen (Regan & Hong, 1990; Giaschi et al., 1992a) . Second, Merigan & Maunsell (1990) concluded that "a major role of the magnocellular pathway may be to provide input to cortical mechanisms sensitive to rapid visual motion" (our italics). We note that dot speeds at threshold for recognising MD letters are low. Third, Mefigan & Maunsell (1990) also noted that "despite a loss of sensitivity for detection of rapidly moving gratings, monkeys are still able to discriminate their direction of motion". Thus, the issue of a unique contribution of magnocellular neurons to motion perception remains to be resolved'. We note that the visibility of our MD letters is created entirely by a difference in the direction of motion of dots that are moving at the same speed.
Finally, on the basis of our findings and the report of Merigan & Maunsell (1990) we suggest that any blanket statement that the neural processing of motion information in humans is carried out entirely by homologues of magnocellular pathway neurons is not correct.
